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‘CIRCULATION AND DUST CONTENT OF THE VENUS ATMOSPHERE FROM WIND
VELOCITY MEASUREMENTS BY THE VENERA~8 AUTOMATIC INTERPLANETARY
* PROBE

V. V. Kerzhenovich and M. Ya. Marov

(Submitted by Academician A. P. Vinogradov, August l, 1972}

' During the descent of the land apparatus:(LA) of ? ,;3/554%
the automatic interplanetary probe (AIP) Venera-~8 preliminary es; '
"tlmates of wind velocity in the Venus atmosphere were - conducted

- up- to D0ppler measurements of veloc1ty in [1}.

The component of.wind velocity ug in the direction_fromfan'
"underground" point to the descent area. was directly determined by™
the method utilized; the azimuth of this direction read clockwise:
'from the direction to the North Pole,'amounted to. approx1mately

-_.-115°~>1 €., the measured component was close to the' zonal compon-

”ﬁ ent. Measurements of velocity by the LA were characterlzed by the

folloW1ng errors constant’ systematlc error less than 0.2 m/s,#
slowly changing from- 0 at ‘the surface to 0.7 m/s at the start of
‘measurements, fluctuatlng 0.1 m/s.‘ Errors in estlmatlng w1nd

velOcity‘Were determlned on the basis of inaccuracy of the descent'

,‘3veloc1ty of the apparatus, calculated accordlng to measurements

of temperature, pressure, and altitude and amounted to from 0.5 m/4
at the surface to 7 8 m/s at altltudes close to 50. km. ‘

. ‘Thé”measured altltudlnal dlstrlbutlon of w1nd velocrty is
deplcted in Fig. la; W1nd velocity at altltudes of 0-12 km is’
‘depicted in Fig. 16. Curve a corresponds to the altitudinal ref—f,j
”;ereucing made accordlng to temperature u51ng a model of the atmos-‘“

: phere‘[Qﬂ, ‘and curve a corresponds to the altltude calculated by,lx"u
measurements of temperature and pressure u51ng a hydrostatlcs
r-equat;on. The horlzontal lines correspond to the maximum error

?he descent veloc1ty of the LA for the profile rn Fag. 16‘was

‘T*Numbers_in the margin indicate pagination ithhe‘foreiqn text.



obtalned from approx1mat10ns of measurements*by;% radio altlmeter Q’

‘u51nq a polynomlal of the thlrd degree :;4}

"Different magnltudes and dlrectlons of the w1nd ve1001ty,_A“m
such that their projection on the direction underground 901nt—-‘
. LA 1s equal to the measured component can,' in principle, corres-’
”pond to the measured component ‘We are concerned 1n this observa— f
tion with the measured component as well as w1th the w1nd veloc1tygﬁf
'recalling that the modulus of wind velocity can be even greater. - ,

 Wind velocity. amounted to 0.5 +g 3? m/s at the surface and

fup to 140 m/s at altltudes near 50 km ' The general dlrectlon

of motion at all altltudes remained constant and corresponds to‘;‘;
wind from the morning to terminator or. from the bright side, i. e.,-m
it coincides with the direction of the proper rotatlon of Venus.-ﬁ”
The lower region of the hlgher wind veloc1ty gradlents (12 18 km)
Icontrlbutlon to the attenuatlon of solar radiation bears ‘an - .
‘;aerosol component that can be assOC1ated Wlth a p0531b1e spread—"

1ng of ‘the cloud%cover [31.

a reductlon of the measured component at altltudes of 42 ~50 _
and 12-18 km can also be connected with the ‘wind rotatlon veloci~ -
Rl Sit being essentlal however, that the measured values cannot_‘
=;correspond to a wind directed towards the proper rotatlon of '
Venus, as can be. expécted from the "depth C1rcu1at10n" model [4}

or from numerical experiment- [5]. ' R S
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Fig. 1. Altltudlnal dlstrlbutlon Fig., 2. Kinetic energy of the,

" of wind velocity according  to atmosphere (a) and ground equiwi:
. Mmeasurements by the AIP Venera- 8 valent of w1nd Veloc1ty {bj.

a7 0-52 km; 6 - 0 - 12 km. L

'Thejaverage wind ve1001ty energy was found as . ,
. _m_“j;:e,e__eh_ - | | E
(= Up(h)u(h)dh/jp(h)dh] J o -
'where p(h) and U(h) are respectlvely the den51ty of the atmosphere
,and the wind veloc1ty at altitude h, which amounted to approximate-

"ly 15 m/s and turned out to be ¢close to the value on earth _
(17 m/s, g.v. [6]). ThlS magnltude consderably exceeds estlmates,
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at the same time, at altitudes of 0-10 km,,where approx1mately oneﬂ—

e

half the mass of the atmosphere 1s concer_ltrated tI:_l_e average w1nd veloc1t

7

has a magnltude on the order of 1 m/s, ‘which coincides with prev1-ﬁ‘

ous estlmate51[7] Thexelatlonshlpcxfklnetlcenergy1x>tne“entnalpy'“~~—m~—ﬂ

- i
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. of an atmosphere column amounts to approximately”0.5;10—3,

which is also close to the value on earth.

The distribution of klnetlc energy is deplcted in Fig. 2
accordlng to height and the "earth” equlvalent of the measured

wind velocity, whose magnitude was found as

1where’p“““‘}ls the air density at the earth’'s surface. . The maximum :

of the kinetic energy in the lower atmosphere is reached at an
altltude of 18-20 km. The measured w1nd veloc1ty at altltudes
' of 20-40 km is equivalent to 90-120 m/s at the earth 5 surface,-

t

0.5 m/s at the surface of Venus corresponds to ‘3.5 m/s for the?wuﬁj--”

wind velocity on the-earth.

. Although the: wind ve10c1ty measured(gﬁboard Venera-8. exceeds
data from Venera -4 and Venera-7 [8] (Venera~5 and Venera—6 meas—'
ured only the vertical component), thelr results possess. several
several common features the 1ncrease of w1nd veloc1ty wrth 5‘1

..altltude, the constancy of wind veloc1ty in an altltudlnal range
of 20-40 km; -and the smallness of the wind near the surface. .Inﬁ
fact, the Qdifference in the data from. Venera-4, VenerawT, "and '
Venera-8 is even.less if we bear in mind the systematic error of
‘the measurements of Venera-4 and Venera -7, and also theJS§read__
of the descent regions. It is also necessary to take 1nto‘
account that for Venera-4 the’ measured ve1001ty component could

- correspond not only ‘to the meridional movement, as was assumed .
in the initial 1nterpretat10n, ‘but also the ZOnal movement in the
‘direction of the reverse rotatlon-of Venus. hUnder these condl-.‘

tlons, definite agreements of measurements whlchavwﬁlllustrated



in.Figufe 3, on which the measurement profiles of Venera-4 and
Venera-7 are raised by an integer to magnitudes lying within the
scope of the systematiC”errorsézwhile for Venera-4, the velocity
is given in a recalculation on the zonal component. Wind

velocity corresponding to measurements on Venera-7 in a sector

immediately after the start of signal reception from the descent'

apperatus (8:02:50 - 8:04:20) is depicted by a dotted line [15].

A comparison of the profiles obtained of wind velocity and

dlrectlons of the measured components allow us to conclude that

e

the : olrculatlongpattern OEftheﬁVenuSLan atmosphere circulation

pattern in the Venusian atmosphere can be notlceably different

from both the "depth" clrculatlon and the patterns obtained in

numerical experiments. We may“assume, giﬁéﬁ?ﬂﬁfIiﬁf%dinHﬁifﬁﬁib

data and the p0551b111ty for superlmPOSLng of local phenomena, '

w1th the direction of 1ts proper rotatlon about the axis, is one

of patterns that satisfy the measurements ot the Venera serles._.

Investigetions on the shifting of details on the Venus'_
‘disc in ultraviolet light [9, 101 shOW'that'ﬁotionfof a similar
type apparently also holds true;in the atmosphere'et altitudes
near 100 km. The wind velocity at these altitudes'varies from-
70 to 130 m/s with an average perlod of 01rculatlon of approx1—
'mately_4,5 days. - It is of interest that the wind velocity in
the region‘where probes of the Venera-series began their meas-

urements were shown .to be close to characteristic values for

:that@01rcu1ar motion in the equatorial zone of Venus coinciding -

four-day circulation. _At'altitudeshof-20-40'km the circulationgi

<periodfoan amount to twelve days oxr move. (IIf snch'oironlation

S U,

’ 1c; thedrue one then the measurements of the Venera serles relate to

7

dlfferent sectors of the planet and reflect a 1ongltud1nal t:Lme move Et

variability. Measurements of the differential Doppler: shift of



of the co, band in the 1nfrared region [11l], referring again to
he v151b1e cloud cover (=60-70 km) attests to the 90851b111ty
of movements with velocities up to 100 m/s at these altitudes as
well.

It is possible to present a "wind model” of the equatorial

- zone of Venus .in the form depicted in Fig. 4 by using the meas-— /557
urements of the Venera series, data from ultraviolet photography,

and spectroscopic measurements. The hatched regions correspond '

to the possible variations of wind velocity relating to the differ-

ent measurements.

;'Steady state zonal, 01rcular motion- type movement, there-
fore, apparently takes place in the atmosphere of Venus,mat 1east
in a iayer of up to 100 km over the surface, which is character-
ized by oomplex dependence of the increase of the wind velocity
: gradient on altitude. It is possible to hold to the belief that
_horizontal transport for a small velocity of the planet's proper
rotation;plays a significantlj greater role in the smoothing out
of nonequiiibrium heating of its atmosphere due to.the variation
of the daily circulation than is the case on Earth, where the

velocity of horizontal movement is usually less than G'lA*

300~350 km. . On Venus thlS value is already reached at 10 km and iy o
in the nelghborhood of 50 km amounts to approx1matelv 50A. . '
Unfortunately, very little is presentlv known regardlng the- support
mechanism of the angular circdlation. The counter-motion of a liguid
ligquid while a slowly rotating heat source warms it up, which was 1
discovered [12], can serve as an experimental analogue, although '

- the possibility of applying this analogue té the atmosphere of‘Ven,u,s‘

*i\is the ratio of linear velocities of wind and planet surface. |

|
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Fig. 3. A comparison of re-"
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Fig. 4. "Wind model™'3

Venus atmosphere:. (a) ultra .

violet photography; (b) spectro
scopic measurements; (c) Venera-2;
(d) Venera 4, 7, 8. o



- requlres addltlonal theoretlcal and experlmental corroboratlon.'”""

The study of profiles of w1ndrveloc1ty near: the surface

-leads to an important” consequence. It was believed until recently
that Venus' dry atmosphere could hold much dust. Volcanic actl— .
‘vity, dust from cosmic sources, and wind erosion serve as dust "'

']sources on a planet. The. absence -of moisture, of contrlbutlng

purlflcatlon of the atmosphere, and the. formatlon of related

‘ compounds 1s a factor that is favorable for the process in Wthh

~dust appears. Mcreover, this factor, together with a constancy

in temperature at the surface can be consrdered as an argument

.agalnst a large quantlty of dust, srnce the presence of morsture L

measured from Earth, can be interpreted as an indicator’ for vol—'

]canlc activity not leading todﬂmanoted dust content [13] If we

now compare measurements of w1nd veloc1ty near the surface,

generated by Venera-8, w1tﬂxestlmates of wind’ erosron processes

S on Venus, as presented in [14], 1t is p0531ble to conclude that

5w1nd veloc1ty at the surface turns out to be 1nsuff1c1ent for

Y )f—‘

i

The small dust content of the Venus atmosphere 1s empha51zed

'by direct measurements of 1llum1natlon conducted onboard AIP

‘rock The upper limit of SO, content in the. atmosphere of Venus,'

Venera-8, whlch demonstrated that the atmosphere lower than 32 km L

'1s practlcally free of aerosoles. The adiabatic course of the
ytemperature down to the surface itself is attested to by the
-comparatlvely small dust content.‘_ . '

e
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